Effect of viscosity on enzyme-ligand dissociation. II. Role of the microenvironment.
A theoretical treatment, describing a novel viscosity effect on decomposition of enzyme-ligand complexes, recently appeared (Somogyi et al., 1978). From this approach emerged a mechanistic picture of the manner in which increased viscosity lowers the value of the decomposition rate constant. A refined version of this model is presented herein. The analysis is extended to the molecular microenvironment ultimately responsible for mediating the "viscosity effect." Consideration is given to two major factors: (1) the role of viscosity in attenuating the excess chemical energy and (2) the statistical features of the microviscosity. In view of spatiotemporal inhomogeneity in the liquid structure, the concept of averaged microviscosity is introduced to parametrize the enzyme-ligand recombination probability. Quantitative predictions are consistent with models of liquid structure and with results from enzyme studies. The "viscosity effect" may contribute to substrate compartmentation in organized multi-enzyme systems in vivo.